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TEE EFFECT OF NOSE RADIUS AND SHAPE ON THE AERODYNAMIC

CHARACTERISTICS OF A FUSELAGE AND A WING—FUSEMGE

COMBINATION AT ANGLES OF A!PIMCK

By John P. Gapcynski and A. Warner Robtis

SUMMARY

An investigation has been conducted in the Langley 4- by &foot
supersonic pressure tunnel to dete~e the effect of nose blunting on
the aerodynamic characteristics of a wing-body comldnation, and to deter-
mine the possible drag reduction of blunt-nosed bodies with the use of
s@kes and perforated cones. Tests were conducted at a Mach.nuniberof 1.61
for an engle-of-attack range of approximately -2° to 10°.

Increasing the nose radius while decreasing the nose fineness ratio
had little effect on the drag characteristics of the body or wing-body
combination for ratios of nose radius to body radius less than 0.4.
Above this VS3ue the drag increased rapidly with increasing nose radius.

No engle-of-attack effect was.noted on the drag increments due to
nose blunting except for very blunt nose shapes where the drag increments
decreased slightly with increasing angle of attack.

Nose blunting had no interference effects on the drag characteristics
of the wing except for extreme degrees of bluntness at the higher angles
of attack. In this case, the drag increments due to nose blunting for the
wing-body combination were slightly less than those for the body alone.

In comparison to the basic ogival nose, a rearward shift in the
center of pressure of the body and wing-body ‘conibinationand a decrease
in the lift coefficient of the body at the higher angles of attack were
noted for very large degrees of nose bluntness.

drag

type

The use of a slotted cone on a blunt-nosed body-resulted in large
reductions.

The dreg reduction obtained with the use of spikes varied with the
and length of spike, and the angle of attack. The results obtained

— .— .— — —. ....-— —.— —.. . —



2 NACA RM L53123a

with the use of plain spikes were not as favorable as those obtained
with oversized conical-headed spikes. This was especially true at the
higher angles of attack and for the greater spike lengths.

A lsrge reduction in the drag of a flat-nosed body was obtained
with the addition of a conical-headed tripod. An additional decrease
was obtained with a tripod covered with l/&inch wire mesh.

IN!I!RODUC!lZON

The installation of radar and infrared
daY aircraft end missile configurations has

seeker devices in present-
necessitated the use of

efiremely blunt-nose shapes. &cause of this fact, and because the prob-
lem does not readily lend itself to theoretical calculations, a great
deal of experimental work has been &ne recently to determine the effect
of blunting on the drag characteristics.ofnoses (refs. 1 to 5). The
allied problem, that of determining possible ways in which the drag pen-
alties associated with large degrees of nose bluntness maybe reduced
without impairing the operation of the seeker device, has also received
a great deal of attention (refs. 6 to 10).

It has been established that nose shapes with moderate degrees of
bluntness may be used without the incurrence of severe drag penalties,
and that h some cases, depending upon the Mach number range and nose
fineness ratio, a reduction in drag may be obtained for small degrees
of bluntness (refs. 3, 4, and 5). Similarly, fairly good drag-reduction
characteristics of blunt noses have been obtained with the use of spikes
and slotted cones.

The effect of blunt noses on the aerodynamic characteristics of
lifting surfaces behind these shapes has not been determined, however,
nor have extensive drag data for se&ker-type noses been made available
at engles of attack other than OO.

The purpose of the present investigation, therefore, was twofold:
first, to determine the effect of nose blunting on the aerodynamic char-
acteristics in pitch of a wing-body combination and, second, to determine
the drag-reduction characteristics over an angle-of-attack range of a
blunt-nose body equipped with spikes and perforated cones.

Tests were conducte at a Mch nuniberof 1.61 and a Reynolds num-
2ber per foot of 4.1 x 10 in the Langley 4- by l-foot supersonic pressure

tunnel. In addition, limited tests were made at a Mach number of 2.01.
The angle-of-attack range was approximately -Z@ to 10°.

... -— .— .-
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The basic series of nose

MODEL

shapes (noses

.

1 to 9) are shown schemati-
cally in figure 1. AH the nose shapes shown in figure 1 have a 5-inch
cylindrical section which is part of the body. Noses 1 to 6 were formed
by a successive blunting of a 2.67-fineness-ratioogive with ratios of
nose radius to body radius of 0, 0.15, Ox, 0.45, 0.70, and 1.00, respec-
tively. Nose 7 was an ogive having a theoretical minimum drag for a given
volume and length (see refs. U and 12). Noses 8and9 (fig. l(c)) had
ratios of nose radius to body radius of 0.15 and O.~, respectively, but
with fineness ratios equalto that of the basic ogive (nose 1). Nose 5
was modified with the addition of a slotted cone (fig. l(d)) and with dif-
ferent spike shapes of various lengths. The details of the spikes are
shown in figure l(e). Nose 10, figure l(f), was a flat nose (ini%ite
nose radius). This nose shape was modified with the addition of two sep-
arate conical-headedtripods, one of which was covered with l/4-inch wire
mesh.

The ~-body combination used in these tests is shown schematically
in figure 2. The body was a circulsr cylinder 2g.25 inches long and
3 inches in diameter. With the basic ogive (nose 1), the overall fine-
ness ratio was X2.4. The wing had a sweepback engle of 47° at the quarter
chord, a taper ratio of 0.2, a thickness ratio of 6 percent, aspect ratio

111

0f3”5’ti 5-5-5
symmetrical hexagonal airfoil sections.

The test program
wing-body combination

TESTS

was divided into
were tested with

two parts: first, the body and
noses 1 to 9, to determine the

effect of nose blunting on the aerodynamic characteristics of these con-
figurations; and, second, the body alone was tested with the slotted cone,
spikes, and tripods to determine the dreg-reduction characteristics of
these devices. All these tests were conducted at a Mach number of 1.61.
W addition, both the body and the wing-body conibinationwere tested with
noses 1 smd 6 at a Mach nuniberof 2.01. The angle-of-attack range was
approximately -2° to 10°.

The tunnel stagnation renditions for M = 1.61 were: pressure
14.34 pounds per square inch, temperature 100° F, dew point approximately
-350 F. At a Mach number of 2.01, tunnel pressure was maintained at
14.6 pounds per squsre inch and stagnation temperature at 950 F. The

Reynolds number per foot was 4.1 x 106 for M = 1.61 snd 3.7 x 106 for
M= 2.01.
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Lift, drag, and moment meas~ements were
strain-gage balance.

Base?pressure measurements were obtained

5

obtained with an titernal

from a pressure orifice
located on the model sting. In order to minimize the effects of base-
pressure variations on the chord-force measurements, a sting block with
a dismeter equal to that of the fuselage was fitted to the supporting
sting close to the model base.

A small nrhn?orwas mounted on the model so that the angle of attack
could be measured optically during each test.

body
l!heaccuracy of
cross-sectional

the values of drag coefficient, based on maximum
area is Ml.01.

RlmmI!S

The experimental data for each configuration are presented in terms
of the variation of I.ift, drag, and moment coefficients end center.of-
pressure location with &gle of attack. For the wing-body cotiination,
the lift-drag-ratio variation is also presented. The aerodynamic coef-
ficients for the body-alone tests sre based on maximum body cross-sectional
area and body length, and the coefficients for the id.ng-bodycombination
- based on wing area and mean aerodynamic chord. Moments are presented
about a point 4.24 body diameters ahead of the base. For the wing-body
conibination,this point is at the qyarter-chord point of the mean aero-
_c chord of the wing.

The”aerodynamic characteristics of the body and wing-body contdna-
tion in pitch for noses 1 to 9 are presented in figures 3 and 4, respectively.

The drag increments due to nose blunting for the body and wing-body
combhxtion are presented in figure 5. These increments represent the
difference in dreg of a configuration with an ogival nose (nose 1) and
a configuration with a blunt nose (noses 2 to 6). The tailed symbols
represent data obtained at a Mach n&ber of 2.01.

The prediction of the drag increments at 0° angle of attack, as
shown by the curve ‘f% Estimationt’ti figure 5, was obtained from an

estimation of the wave drag and skin-friction drag of each nose shape.
The wave drag was obttied from a conibinationof the experimental pres-
sure distribution over a sphere (ref. 13), and the theoretical.pressure
distribution over an ogive (ref. 14). The viscous drag was obtained by
using the skin-friction coefficient for laminar flow over a flat plate

at a Mach numiberof 1.61 (ref. 15). !l?hisvalue was Cf = 1.315i*e.

. — -—. —.-.-— ———.— _ —-— —-
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The values of the skin-friction coefficient -e increased by 12 percent
to accouut for the correction from a flat plate to a body of revolution.

.

(Msngler’s transformation applledto a parabolic body.)

The data shown in figure 6 represent the variation of the aerodynamic
characteristics of a blunt-nosed body equipped with a slotted nose cone.
In figure 7, data are presented for the ssme body eqtipped with various
types and lengths of nose spikes. The effect of spike length and angle
of attack on the drag characteristics of the body is presented in detail
in figure 8.

The aerodynamic characteristics of a flat-nosed body with andwlth-
out tripod nose sections are presented in figure 9.

DISCUSSION

In general, there was no effect of nose blunting on the lift, moment,
or center-of-pressure characteristics of either the body or wing-body
combination, except for extreme degrees of bluntness (figs. 3 and 4).
The adddtion of the full hemispherical nose (nose 6) resulted in a rear-
wird shift in the center of pressure for both the body snd wing-body com-
bination, and a decrease in the lift coefficient of the body alone at
the higher angles of attack. Center-of-pressure values for the body
alone have not been presented in the low angle-of-attack range, since
tidely varying results were obtained with small variations in lift
coefficient.

The effects of nose blunting on the drag characteristics of the
body and wing-body combination maybe noted in figure 5. The addition
of moderate degrees of bluntness, that is, ratios of nose radius to body
radius R/~, up to the order of 0.4, had little detrimental effect on

the drag characteristics. For values of R/~ greater than 0.4, how-

ever, the drag increased appreciably. Although a slight decrease in
drsg maybe noted for small degrees of nose bluntness, this effect is
within the accuracy of the data and maybe questionable.

There was no angle-of-attack effect on the drag increments except
for extreme degrees of bluntness (nose 6). In this case, the &ag incre-
ments decreased slightly with increasing angle of attack. This effect
may also be noted for a Mach number of 2.01.

One important result which maybe noted from the data of figure 5
is that, with the exception of nose 6 (R/Rm= 1), the drag increments

due to nose blunting for the body alone were equal to those for the wing-
body combination. For nose 6, the increments for the body alone were

.
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greater thsn those for the wing-body combination, and this difference
increased as the engle of attack was increased.

#

The prediction of the drag increments of the body alone at 0° angle
of attack was In fair agreement with the experimental results. In the
determination of these values a lmminar skin-friction coefficient was
used. With the exception of the body with the full hemispherical.nose
(nose 6), schlieren photographs of the flow indicated that boundsry-layer
transition from a laminar to a turbulent state at 0° angle of attack
occurred at approximately 6 body dismeters ahead of the base of the model.
For nose 6, the boundary layer was turbulent over the complete cylindrical
portion of the body.

In order to establish the effects of nose fineness ratio on the drag
increments due to blunting, noses 8 end 9 were tested snd the results
compared with the drag increments obtained with noses 2 and 3, respect-
ively. No diffexwnces in these drag increments were noted.

A small reduction in the drag of the body and wing-body coniMna-
tion resulted from use of the mintium-drag ogive (nose 7). This drag
reduction was evident throughout the angle-of-attack range.

The addition of the slotted cone and spikes to ablunt-nosed body
(body plus nme 5) had no appreciable effect on the ltit, moment, and
center-of-pressure characteristics of this configuration (figs. 6 and 7).
Large decreases in drag throughout the angle-of-attack range were obtained
with the slotted cone. The drag reduction obtained with spikes varied
with the type and lengthof spike, and the angle of attack (figs. 7 and 8).

For the plain spikes at 0° angle of attack, the drag decreased with
increasing spike length up to the msximum length tested. This variation
was approximately linear. With increase in angle of attack, the spike
length giving minimum drag decreased. This change occurred rather abruptly
between @ and 4° sngle of attack for the body with the greatest spike
length and maybe associated with a rearward shift of the point of sepa-
ration of the boundary layer on the spike. This effect was not noted for
the case of the conical-headed spikes, which gave somewhat better drag-
reduction characteristics than the plain spikes tmughout the angle-of-
attack range.

The flat-nosed body was tested at the request of the Pilotless Air-
craft Research Division to determine the drag-reduction characteristics
of tripods covered with wire mesh. This type of nose shape, if practical
from the drag standpoint, would provide for an inexpensive nose shape in
actual missile manufacture. Large reductions in the drag of the flat-
nosed body (fig. 9) were’obtained with the addition of the tripods.

--- .———-—- —— — . .—.— —- - —. ——- - . .—
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CONCLUDING REMARIG
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An investigation has been conducted in the Langley 4- by u-foot
supersonic pressure tunnel to determine the effect of nose blunting on
the aerodynamic characteristics of a wing-body coribination,and to deter-
mine the possible drag reduction of blunt-nosed bodies with the use of
spikes snd perforated cones. Tests were c nducted at a Mach nwiber of 1.61

gand a Reynolds nuniberper foot of 4.1 x 10 . A few tests were made at a
Mach number of 2.01. The angle-of-attack range was approximately -2°
to 100.

Increasing the nose radius while decreasing the nose fineness ratio
had little effect on the drag characteristics of the body or wing-body
codxtnation for ratios of nose radius to body radius less thsn 0.4.
Above this value the drag increased rapidly with increasing nose radius.
A comparison of these results with the results of limited tests of nose
shapes having a constsmt fineness ratio with increasing nose radius indi-
cated that there was no effect of fineness ratio on the drag character-
istics of blunt nose shapes. A reduction in the drag of the body and
wing-body cotiinationthroughout the angle-of-attack range was obtained
with a minhum-drsg nose shape (Von K%m6n ogive for a given length snd
volume).

No angle-of-attack effect was noted on the drsg increments due to
nose blunting except for extremely bluut nose shapes where the drag incre-
ments decreased slightly with increasing angle of attack. “

Nose blunting hsd no interference effects on the drag characteristics
of the wing except for very blunt nose shapes at the higher sngles of
attack. For a ratio of nose rwth.w to body radius of 1.0, the drag incre-
ments due to nose blunting for the wing-body combination were slightly
less than those for the body alone.

ter
the
for

In comparison to the basic ogival nose, a resrwsrd shift in the cen-
of pressure of the body and wing-body combination, and a decrease In
lift coefficient of the body at the higher sngles of attack were noted
very large degrees of nose bluntness.

The use of a slotted cone on a blunt-nosed body resulted in large
drag reductions. At 0° angle of attack the drag increment due to nose
blunting was reduced approximately 75 percent with the addition of the
slotted cone.

The drag reduction obtained with the use of spikes varied with the
type and length of spike, and the angle of attack. The results obtained
with the use of plah spikes were not as favorable as those obtained with
oversized conical-headed spikes. This was especially true at the higher

.. -
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angles of attack
magnitude of the

9

snd for the greater sptie lengths. In each case, the
drag reduction decreased with increasing angle of attack.

The optimum plain spike length decreased with ticrease b ar@e of attack.

A large reduction in the drag of the flat-nosed body was obtained
with the addition of a conical-headed tripod. An additional decrease
was obtained with a tripod covered with l/4-inch wire mesh.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., Septeniber9, 1953.

.
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(a) Noses 1 to 6.
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(b) Nose 7.

Figure l.- Details of model%ose shapes. All
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(c) Noses 8 and 9.
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1/32 Wall thickness
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L 35 slats equally spaced

k

20 skis equally spaced
10 slats equally spaced
I O slats equally spaced

(d)Slotted cone.

Figure 1.- Continued.
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(e) Spike details.
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(f) Nose 10.

Figure 1.- Concltied.
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Noses I-6 Noses I a 7-9

m
Angleofattack,a ,deg Angleofattack,a ,deg

Figure 3.- Variation of the aerodynamic characteristics of a body of
revolution with @e of attack for various nose shapes. M = 1.61.
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NosesIa7-9

Angleofattack,Q ,deg

Figure 4.- Variation of the aerodynamic characteristics of a wing-body
combination with angle of attack for various nose shapes. M ~ 1.6i.
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Figure 4.- Concluded.
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Figure 5.- Vsriation of the drag increment due to nose blunting with nose
radius for various angles of attack. Tailed ssmibolsrefer to data
obtained at M = 2.01.
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Orw)sel
❑ Nose5
O Nose 5 + 3 in. Pklh S@@
A Nose 5 + 2.5 in. ploii s ike

&A Nose 5 + 2 “h plain spI
d Nose5+3”h.conespike
n Nose5+ 2.5“nconeqike
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n n r 1 !a ! i a. .
. 0
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A@ of dtd, a ,deg Angleof dlIxJ(,a,deg

Figure 7.- VUiation of the
revolution with angle of
nose spikes.

aerodynamic characteristics of a body of
attack for various ~es and lengths of
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